A new method is described for the efficient conversion of Schizosaccharomyces potnbe cells into protoplasts. The following parameters of guanine uptake determined in whole cells were unchanged in protoplasts: K, value, requirement for an energy source, sensitivity to competitive inhibitors, pH optimum, as well as the typical variation of the initial velocity of uptake observed during the growth phase.
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I N T R O D U C T I O N
The complete conversion of Schizosaccharomyces pombe cells into protoplasts has previously been found difficult (Phaff, 1971 ; Mitchison, Creanor & Sartirana, 1973; Foury & Goffeau, 1973) , and the methods gave a yield of protoplasts varying from one preparation to another. However, during our studies on purine uptake we devised a reliable and rapid method for obtaining good yields of homogenous preparations of S. pombe protoplasts.
The method depends on the fact that S. pombe cell walls are rich in a -(~ +3)glucan (Bacon et al. 1968; Bush et al. 1974; Fleet & PhaR, 1973) . Some properties of the guanine uptake system of the protoplasts and whole cells are reported here.
METHODS
Organism and culture conditions. The wild type of strain 972h-of Schizosaccharomyces pornbe was used. It was grown at 30 "C with vigorous shaking on YPGT medium (Svihla, Schlenk & Dainko, 1961) ~ containing: 0.5 % (wlv) Difco yeast extract, 0.5 % (w/v) Difco peptone, 3 % (wlv) glucose, 5 mM L-methionine, 5 mM DL-homocysteine thiolactone and 5 IIIM DL-methionine methyl sulphonium chloride. Cells were usually collected during the third or fourth generation after the beginning of the exponential phase.
Protoplast preparation. The yeast (109 cells) was washed once with sterile distilled water and resuspended in 10 ml of a solution containing IOO mM-tris, 5 m~-E D T A and 5 mMdithiothreitol brought to pH 8 with HCl. After 15 min at 30 "C, the cells were separated by centrifugation and washed once with sterile distilled water.
The yeast was next incubated (109 cells/ml) with gentle shaking at 30 "C for 80 min in a mixture of 2 vol. Guanine uptake by protoplasts. The assay of guanine uptake differed from that already described for intact cells (Cummins & Mitchison, 1967) because of the fragility of the protoplasts. Protoplasts were harvested from the stabilizing medium, and resuspended to a concentration of 2 x 10' protoplasts/ml in a solution (MMG medium) containing 50 mM-MES, 50 m-KCl, 50 mM-glucose and 0.6 M-mannitOl, adjusted to pH 5 with KOH. The suspension was shaken for 10 min in a water bath at 30 "C. Samples (I ml) were mixed with an equal volume of ~o p~-r~C ] g u a n i n e in MMG (specifk activity 1omCilmmo1) and incubated at 30 "C. At the times indicated, the reaction was stopped by the addition of 2 ml cold MMG medium containing 40 m-NaN, and 0.27 mM-guanine hydrochloride. The protoplast suspension was then centrifuged at 1200g for 2 min and the pellet washed twice with 4 ml MMG medium. After centrifuging, 0.3 ml water and 0.5 ml hyamine hydroxide were added to the protoplast pellet and the mixture-was transferred into a scintillation vial with a Pasteur pipette. The test tube was rinsed in three steps with 10 ml of the scintillation solution (5 g PPO and 100 g naphthalene/l dioxan) which was then also added to the vial. Radioactivity was measured in a Packard Tri-carb scintillation counter, and the counts per minute were converted into moles of guanine taken up by the protoplasts.
Two controls were done in each experiment and assayed for 14C: (i) protoplasts were mixed with MMG medium containing 5 p~-r~C]guanine, 40 a -N a N , and 0.27 mMunlabelled guanine, and the suspension was centrifuged immediately; (ii) a sample of the protoplast pellet was added to 300 pl sterile distilled water to disrupt the cells and the uptake of guanine was then measured. Both types of control exhibited less than I % of the uptake found with intact protoplasts.
Protoplasts were counted in a Malassez counting chamber.
RESULTS A N D D I S C U S S I O N
Protoplast preparation The conversion of S. pombe cells into protoplasts was complete in 80 min in the presence of snail enzyme supplemented with both glucanases. When the glucanases were omitted, protoplast yield was only 60 % in 80 min and did not significantly increase thereafter. The mixture of a-(I +3)glucanase and P-(I +3)glucanase without the snail enzyme was ineffective. If the cells were not grown in the presence of the sulphur-amino acids mixture of Svihla et a!. (1961) , the yield of S. pombe protoplasts was only 50 % after 3 h. When cells were treated with the snail enzyme supplemented with I mg of each glucanase/ml, conversion to protoplasts was slow; 90 to 95 % protoplasts were however obtained in 5 h.
Although some clumping was observed during the first 30 to 50 min, the protoplasts were separate by 80 min.
Guanine uptake by protoplasts as compared with intact cells
The rate of guanine uptake by protoplasts suspended in MMG medium is shown in Fig.  I (a) . This rate of uptake was slower than that found for intact cells grown and resuspended in the same culture medium (Fig. ~b ) .
However, when intact cells were grown in YPGT medium and assayed in MMG medium, the rate of uptake was half that found with the On: Sun, 16 Dec 2018 17:57:59
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Time (s) protoplasts (Fig. I c) . Furthermore, when whole cells were subjected to the complete treatment for protoplast preparation except that the lytic enzymes were omitted, little uptake occurred in M M G medium. We have as yet no explanation for these effects, but for comparison purposes our control for the uptake of intact cells was measured under the same conditions as for Fig. ~( c ) . Figure 2 shows how the reciprocal of the guanine uptake rate varied with the reciprocal of the guanine concentration. The reduced rate of guanine uptake by protoplasts and cells measured in MMG medium, as compared with the rate with the cells in minimal medium, was associated with a decrease in Vma, rather than a change in K,.
Guanine uptake by S. pombe cells depends on the energy source, and is reduced in the presence of the competitive inhibitors adenine, hypoxanthine and azaguanine (Pourquie, 1970) . The inhibition by natural and synthetic structural analogues was of the same order of magnitude in protoplasts as in the yeasts from which they were derived (Table I) . Energy dependence for uptake was also the same for intact cells and protoplasts. The pH optimum for guanine uptake for both types of cells was between 4-5 and 5.0.
The initial rate of guanine uptake by S. pombe depended on the phase of growth of the culture from which the cells were harvested. The uptake activity reached a maximum three or four generations after the start of the exponential phase and decreased rapidly during the second half of the exponential phase (Fig. 3) . This variation in uptake rate was independent of the composition of the growth medium, for yeasts grown in minimum salts-glucose medium, in complete yeast extract medium or in the YPGT medium used in this study gave Guanine uptake in S. pombe protoplasts 263 similar results. This dependence of guanine uptake on growth phase remained unchanged after the cells had been transformed into protoplasts (Fig. 3) . In addition to the above characteristics, changes in the initial velocity of guanine uptake shown by whole cells collected at different stages of growth were also shown by the corresponding protoplasts. The relatively slow rate of guanine uptake observed in conditions required for the preservation of protoplasts might be due either to the high osmolarity or the ionic strength of the MMG medium, or to the 'shock' that both cells and protoplasts suffer after transfer from growth medium to the protoplast stabilizing medium. However, transformation of the yeast into protoplasts apparently did not alter the characteristics of the guanine transport system.
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